Method for Improving the Mechanical Properties of BOC Module 

Arrangements 

TECHNICAL FIELD 

[0001] The invention relates generally to electronic devices and more particularly to a 
method for improving the mechanical properties of BOC module arrangements. 

BACKGROUND 

[0002] Board on chip (BOC) module arrangements are produced by a mounting process in 
which bond pads (contact areas) have first been provided on the active side of a chip either 
directly with solder balls or with other 3-dimensional (3D) structures from a solder material, or 
structures containing at least one solder material or the like, for example by printing or 
dispensing. The chip is subsequently positioned face down over the terminal contacts on a 
printed circuit board (PCB) and then attached under the effect of heat by soldering. In this 
operation, an electrical and at the same time mechanical connection takes place between the chip 
and the printed circuit board. 

[0003] In the case of such BOC module arrangements it has proven to be disadvantageous, 
however, that considerable mechanical stresses may occur between the different materials of the 
chip and the printed circuit board during normal operation caused by the different coefficients of 
expansion of the chip and of the printed circuit board. This thermal mismatch may lead in long- 
term operation to the failure of the BOC module arrangement, in that for example one or more of 
the solder connections rupture due to mechanical overload. The consequence is then generally 
total failure of the component. 
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[0004] To eliminate or at least minimize such stress caused by a theraial mismatch, it has 
been the practice to use an underfiller with good flow properties, introduced between the chip 
and the printed circuit board by capillary action after the chip has been mounted on the printed 
circuit board. 

[0005] The particular disadvantage of using such an underfiller is that the mounting of the 
chip on the printed circuit board has to be performed first, and only then can the underfiller be 
introduced. This means that each individual chip has to be stabilized by the underfiller after it 
has been mounted. This also has the result that the introduction of the underfiller is a very 
laborious procedure because every BOC arrangement has to be individually enhanced. It is also 
difficult to introduce the underfiller uniformly. 

[0006] The problems of the mechanical strength of the connection between the chip and the 
printed circuit board are exacerbated if, instead of the relatively solid solder balls of a solder 
material, so-called soft solder balls of a mixture of an organic material and a solder material, or 
even 3-dimensional compliant elements are used as electrical and mechanical connecting 
elements. Several problems have to be simultaneously taken into consideration here. 

[0007] The soft solder balls have by their nature a lower mechanical strength, so that the 
connection between the chip and the printed circuit board is less strong for this reason alone. It 
is even more problematic when compliant 3D elements are used. Here, a subsequent increase of 
the mechanical strength of the connection between the chip and the printed circuit board is 
particularly important because the compliant 3D elements consist of a compliant base element, 
on which an electrically conductive structure of metal is then applied. Here, the electrically 
conductive structure (reroute layer/wiring) cannot transfer any mechanical forces at all. 
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SUMMARY OF THE INVENTION 

[0008] Aspects of the invention provide a BOC module arrangement which avoids 
disadvantages of the prior art and with which cost advantages can be achieved in mass 
production. The preferred embodiment of the invention relates to a method for improving the 
mechanical properties of BOC module arrangements, in which chips have 3D structures, solder 
balls, li springs or soft bumps which are mechanically and electrically connected by means of 
solder connections to terminal contacts on a printed circuit board or leadframe. 

[0009] In one aspect, a casting compound is provided for the wafer or the chips after they 
have been individually separated and before they are mounted on the printed circuit board in 
such a way that the tips of the 3D structures protrude from this compound. 

[0010] This casting compound applied to the chip completely replaces the underfiller 
previously introduced after the mounting of the chips on a chip carrier, whereby faster mounting 
of the chips is made possible by simpler means, and at the same time adequate protection of the 
3D structures is achieved. 

[0011] If the casting compound is applied to the entire wafer over its surface area before the 
chips are individually separated, further time and cost advantages can be achieved in comparison 
with the individual coating of the chips. The casting compound may be advantageously applied 
uniformly by spraying, dispensing or printing. 

[0012] In order to reduce to a great extent mechanical stresses caused by thermal influences, 
the casting compound should have elastic and mechanical properties comparable to those of 
silicon. Thus, a silicon-based material, or a thermoplastic material, may be used as the casting 
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compound. An epoxy resin is also suitable as the casting compound. However, it is desirable for 
the material selected to have adequately good flow properties. 

[0013] In a variant of the invention, the coating of the wafer may take place in two steps. 
The casting compound is first applied to the entire wafer in a layer thickness such that the 3D 
structures are also covered, and the layer thickness of the casting compound is subsequently 
reduced to the extent that the tips of the 3D structures protrude from the casting compound. The 
reduction of the layer thickness of the casting compound may be performed simply by thermal 
removal (an ashing step) or by etching. 

[0014] Since the individual separation of the chips from the wafer assembly is made more 
difficult by the coating with the casting compound, it is expedient that the separation corridors 
between the chips are exposed before the separation of the latter. The exposing of the separation 
corridors may take place simply by means of customary photolithographic methods, or else by 
working with a laser beam. 

[0015] In one particular variant of the invention, before cutting up (dicing) the wafer, it is 
cooled down to a temperature at which the casting compound is adequately brittle to allow the 
separation to be performed without the usual problems. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The invention is to be explained in more detail below on the basis of an exemplary 
embodiment. In the associated figures of the drawing: 

[0017] Figure 1 shows a detail of a wafer with a 3D element and a redistribution layer 
(reroute wiring); 

[0018] Figure 2 shows the wafer according to Figure 1 which has been provided with a 
casting compound which encloses the 3D element; and 

[0019] Figure 3 shows the coated wafer after exposing the contact area of the 3D element. 
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0020] The making and using of the presently preferred embodiments are discussed in detail 
below. It should be appreciated, however, that the present invention provides many applicable 
inventive concepts that can be embodied in a wide variety of specific contexts. The specific 
embodiments discussed are merely illustrative of specific ways to make and use the invention, 
and do not limit the scope of the invention. 

[0021] Figure 1 shows a detail from a wafer 1, on which a compliant 3D structure 2 is 
arranged. The structure 2 includes a tip having a contact area 3 that is a component part of a 
redistribution layer 4. Layer 4 electrically connects the contact area 3 to a terminal element (not 
shown) of the wafer L Instead of the compliant 3D structures, the wafer 1 may also be provided 
with solder balls, \i springs or soft bumps. In any event, however, the mechanical and electrical 
connection to a carrier element takes place by connections with the terminal contacts on a printed 
circuit board or a leadframe. This electrical and mechanical connection is preferably made by 
solder. 

[0022] To improve the mechanical stability of the completed component (for example, a 
BOC component), the wafer 1 is provided with a casting compound 5 before it is separated into 
individual chips. The coating may in this case take place in such a way that the tips of the 3D 
structures 2 after coating with the casting compound 5 protrude from this compound, or in that 
the tips of the 3D structures 2 are covered and then subsequently exposed. 

[0023] In principle, it is of course also possible to apply the casting compound 5 after the 
individual separation of the chips from the wafer 1. However, the individual coating of the 
separated chips is much more laborious than the coating of the entire wafer. 
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[0024] The casting compound 5 may be advantageously applied uniformly by spraying, 
dispensing or printing. 

[0025] In order to reduce to a great extent mechanical stresses caused by temperature 
influences, the casting compound 5 should have mechanical and thermal properties comparable 
to those of silicon. Thus, a silicon-based material, or else a thermoplastic material, or epoxy 
resin can be advantageously used as the casting compound 5. In any case, it is desirable for the 
selected material to have adequately good flow properties. 

[0026] The coating of the wafer 1 can also be performed in two steps. In this embodiment, 
the casting compound 5 is first applied to the entire wafer 1 in a layer thickness such that the 3D 
structures 2 are also completely (or at least mosfly) covered. The layer thickness of the casting 
compound 5 is subsequently reduced to the extent that the tips of the 3D structures 2 protrude 
from this compound. 

[0027] The reduction of the layer thickness of the casting compound 5 may be performed 
simply by thermal removal (an ashing step) or by etching. 

[0028] Since the individual separation of the chips from the wafer assembly is made more 
difficult by the coating with the casting compound 5, it is expedient that the separation corridors 
(e.g., scribe lines) between the chips are exposed before the separation of the latter from the 
wafer 1. This may take place by means of customary photolithographic methods, or else by 
working with a laser beam. 

[0029] If the wafers 1 are separated by working with a laser, it is possible to dispense with 
the prior exposure of the separation corridors. 
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[0030] If a material which becomes brittle at relatively low temperatures is used as the 
casting compound 5, the wafer 1 may be cooled before cutting up (dicing) down to a temperature 
at which the casting compound is adequately brittle. The separation can subsequently be 
performed without the usual problems. 
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